ABSTRACT: A total of 3,632 crossbred steers were used in 3 separate randomized complete-block designed fi nishing experiments. Data from Exp. 1 were analyzed separately whereas data were combined for Exp. 2 and 3, based on corn processing method used [Exp.1 = equal combination of dry-rolled and high-moisture (DRC:HMC); Exp. 2 and 3 = steam-fl aked (SFC)]. Steers were fed 1 of 5 treatments to evaluate the effects of monensin and tylosin in feedlot diets containing 25% corn wet distillers grains with solubles (WDGS; DM basis). Treatments included: 1) corn-based diet (no WDGS) with 360 mg/d monensin and 90 mg/d tylosin (CORN+MT), 2) 25% wet distillers grains with solubles (WDGS-CON), 3) 25% WDGS with 360 mg/d monensin (WDGS+M), 4) WDGS with monensin and tylosin at same levels as treatment 1, and 5) WDGS with 480 mg/d monensin and 90 mg/d tylosin (WDGS+HIMT). In Exp. 1, WDGS+MT increased (P < 0.01) ADG (6.5%), G:F (6.9%), and HCW (3.0%) compared with CORN+MT. Alternatively, in Exp. 2 and 3, WDGS+MT had no effect on ADG (P = 0.18), decreased (P < 0.01) G:F by 3.2%, and did not affect HCW (P = 0.57) compared with CORN+MT. In Exp. 1, addition of monensin to a WDGS diet increased G:F by 3.1% (P = 0.03) and tended to increase G:F in Exp. 2 and 3 (P = 0.09) compared with WDGS-CON. For all experiments, addition of monensin and tylosin in a diet containing WDGS increased G:F (P < 0.01) and reduced total and severe liver abscesses (P < 0.01) compared with WDGS-CON. Additionally, HCW was increased in Exp. 2 and 3 (P < 0.01) and tended to increase in Exp. 1 (P = 0.09) when monensin and tylosin were fed in a WDGS diet compared with WDGS-CON. Feeding WDGS+MT reduced total liver abscesses by 79.3% (Exp. 1) and 57.6% (Exp. 2 and 3) compared with WDGS-CON. Compared with WDGS+MT, minimal differences were observed when monensin was fed at 480 mg/steer daily with tylosin in diets containing WDGS. Inclusion of WDGS in fi nishing steer diets did not alter effectiveness of monensin with tylosin in improving G:F and reducing prevalence of liver abscesses, regardless of corn processing method. Corn processing method appears to be an important factor in performance response to WDGS with feeding value of WDGS, measured as an increase in feed effi ciency, being greater in a DRC:HMC-based diet compared with a SFC-based diet.
INTRODUCTION
Inclusion of wet distillers grains with solubles (WDGS) in fi nishing cattle diets results in positive effects on performance but this is dependent on level and method of corn processing . Vander Pol et al. (2008) evaluated different corn processing methods with diets containing 30% WDGS (DM basis) and observed that cattle fed steam-fl aked corn (SFC) with WDGS did not have greater G:F than cattle fed dry-rolled (DRC) or high-moisture corn (HMC) with WDGS. Corrigan et al. (2009) evaluated multiple dietary concentrations (0, 15, 27.5, or 40%) of WDGS in diets based on either SFC, DRC, or HMC and observed a decreased response in G:F by adding WDGS in diets containing SFC, whereas an increase in G:F was observed in diets containing either DRC or HMC. These data suggest that WDGS has a greater energy value relative to DRC and HMC as compared with SFC, despite SFC containing greater energy than DRC and HMC.
The use of antimicrobials from the mid-1970s has resulted in increased effi ciency and positive returns in cattle feeding systems. Monensin (Rumensin; Elanco Animal Health, Greenfi eld, IN) and tylosin (Tylan; Elanco Animal Health) are 2 of the most commonly fed antimicrobials for beef cattle. In a summary of 14 trials, monensin improved G:F by 8.5% (Potter et al., 1985) with tylosin reducing prevalence of liver abscesses by 73% and increasing ADG by 2.3% and G:F by 2.8% in a summary of 40 trials . It has been suggested that inclusion of WDGS may enable antibiotic use to be reduced due to the reduced rate of fermentability of WDGS (Nagaraja and Lechtenberg, 2007) . However, recent data suggest rumen pH is similar or decreased when WDGS are substituted for corn (Corrigan et al., 2009; Vander Pol et al., 2009) which means monensin and tylosin may have similar performance responses when WDGS are included in fi nishing diets as in traditional corn-based diets.
The objective of these studies was to determine the effectiveness of monensin and tylosin on steer performance, carcass characteristics, and prevalence of liver abscesses in steers consuming diets containing WDGS. Different corn processing methods were used in these experiments based on previous work suggesting response to WDGS depends on grain processing.
MATERIALS AND METHODS
All procedures used in these experiments were reviewed and approved by the University of NebraskaLincoln Institutional Animal Care and Use Committee (Exp. 1) and followed the Agriculture Guide (FASS, 2010) for Exp. 2 and 3.
Animals and Management
In Exp. 1, crossbred predominately black-hided (n = 2,500; British and British×Continental) steers were purchased in the fall of 2006 as weaned calves (approximately 8 mo of age). Steers were sourced from the ranch or auction market and transported to the University of Nebraska-Lincoln Agriculture Research and Development Center (ARDC) research site located near Mead, NE. Steers arrived from October 9 to November 3, 2006. At arrival, steers were individually identifi ed (panel tag, ear electronic button, and metal tag), vaccinated with Bovi-Shield GOLD 5 (Pfi zer Animal Health, New York, NY) or Vista-5 (Merck Animal Health, Summit, NJ), Somubac (Pfi zer Animal Health), Piliguard (Merck Animal Health) and injected with Dectomax parasiticide (Pfi zer Animal Health). Steers were vaccinated approximately 3 wk later with Ultrabac 7 (Pfi zer Animal Health), Bovi-Shield GOLD 5, Pilliguard, and Somubac. At revaccination, 2 "pools" of steers were identifi ed consisting of 569 and 449 steers. When each block was initiated, the 400 steers selected from these pools were identifi ed based on BW stratifi cation. From the time of receiving until trial initiation, steers grazed corn residue and were supplemented with wet corn gluten feed in metal bunks in the cornfi eld (Sweet Bran; Cargill Inc., Blair, NE) for a daily BW gain of 0.68 to 0.91 kg/d.
On 
Experimental Design and Treatments
In Exp. 1, a total of 800 steers were used in a randomized complete block design fi nishing experiment with 20 steers per pen and 8 replications (pens) per treatment. Steers were started in 2 blocks of 400 steers with block 1 starting on January 23, 2007, and block 2 starting on February 2, 2007. Groups were managed identically with the only difference being the starting, reimplant, and slaughter dates. In Exp. 2 and 3, a total of 1,400 and 1,432 steers were used in randomized complete block designed fi nishing experiments with 70 to 72 steers per pen and 4 replications (pens) per treatment. In both experiments, block was arrival group, so each replication was a block, with all treatments equally represented within blocks (replication).
Diet formulations and nutrient compositions of each treatment diet are outlined in Table 1 . Steers were fed 1 of 5 dietary treatments consisting of: 1) corn-based diet with monensin plus tylosin (CORN+MT), 2) wet distillers grains with solubles with no additives (WDGS-CON), 3) WDGS with monensin (WDGS+M), 4) WDGS with monensin plus tylosin (WDGS+MT), and 5) WDGS with an increased dose of monensin plus tylosin (WDGS+HIMT). In diets containing M or HIMT, a consumption of 360 and 480 mg/steer daily was targeted, respectively. Based on estimated DMI, monensin dietary concentration were formulated to 31.7 mg/kg of diet DM for M and 42.3 mg/kg of diet DM for HIMT in Exp. 1 and formulated for an inclusion of 36.75 and 49 mg/kg for M and HIMT in Exp. 2 and 3. In diets containing tylosin, a consumption of 90 mg/steer daily was targeted. In Exp. 1, dietary concentration was 7.9 mg/kg of diet DM for T based on estimated DMI. For Exp. 2 and 3, treatments containing tylosin were formulated for a dietary concentration of 9.2 mg/kg based on estimated DMI described for monensin. In Exp. 1, feed additives were added to their respective treatments via a meal supplement included in the diet at 5% (DM basis) with fi ne ground corn as a carrier. In Exp. 2 and 3, feed additives were added to the respective treatment rations via a micro ingredient machine using water as a carrier. Water only was added to the treatment 2 ration, which contained no feed additives. Corn was provided as a 50:50 blend of DRC and HMC in Exp. 1. In Exp. 2 and 3, corn was provided as SFC with a target density of 0.42 kg/L (28 lb/bushel). However, fl ake density was not measured and reported. In diets containing WDGS, corn was replaced with 25% WDGS (DM basis). In Exp. 1, urea was also replaced and in Exp. 2 and 3 supplemental fat was decreased in diets containing WDGS.
Steers were adapted to the fi nishing diets in 14 to 22 d with 2 to 4 grain adaptation periods that replaced alfalfa hay with corn grain. In Exp. 1 and 2, diets containing WDGS were started at 25% of diet DM on d 1 until trial completion. In Exp. 3, diets containing WDGS were increased during grain adaptation with steam-fl aked corn and WDGS replacing alfalfa hay. 
Body Weights, Harvest, and Carcass Data Collection
For Exp. 1, initial BW was obtained from 2-d average individual animal BW measurements after a 5-d limit-fed period. Steers were limit-fed a diet consisting of 50% alfalfa hay and 50% wet corn gluten feed (DM basis) at 2% of BW to minimize variation in gastrointestinal fi ll. Steers in Exp. 1 were weighed individually on d 0 and d 1 (average BW were initial BW) and assigned randomly to pens based on d 0 BW. Pen weights were used for fi nal live BW. In Exp. 2, steers were individually weighed for initial BW on d 0 and fi nal BW on the d of harvest. In Exp. 3, pen weights taken on d 0 and d of harvest were used for initial and fi nal BW, respectively. In all experiments initial BW was unshrunk and fi nal BW was shrunk 4%.
In all experiments, steers were harvested at commercial abattoirs using conventional slaughter procedures. At the time of slaughter, carcasses were identifi ed, HCW measured, and liver abscess scores recorded. Liver abscesses were scored according to the Elanco scoring system: A− = 1 or 2 small abscesses or abscess scars, A = 2 to 4 small well-organized abscesses, and A+ = 1 or more large or active abscesses with or without adhesions (Brink et al., 1990) . After a 36 to 48 h chill, carcass data were collected by trained personnel that included adjusted 12th rib fat thickness, LM area, and KPH. Marbling score (where 400 = Slight 0 , 500 = Small 0 ), and USDA Yield Grade were called by USDA grading personnel. A calculated yield grade was determined (Boggs and Merkel, 1993) 
Statistical Analyses
For all experiments, performance, carcass, and liver abscess data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) as a randomized complete block design with pen as the experimental unit and 4 blocks. All 3 experiments were pooled and analyzed for experiment×treatment interactions. However, an experiment×treatment interaction (P < 0.05) was observed and appeared to be related to corn processing method and the effect of WDGS on performance. Previous research has also shown an interaction between corn processing method and WDGS inclusion in the diet (Vander Pol et al., 2008; Corrigan et al., 2009) . Therefore, Exp. 1 was analyzed separately with Exp. 2 and 3 data combined and analyzed. For Exp. 1, model effects included BW block and treatment. Exp. 2 and 3 data were analyzed with a model that tested for treatment×experiment interactions. Model effects included experiment, treatment, block nested within experiment, and interactions of experiment×treatment. For all experiments, when treatment differences were signifi cant based on a protected F-test (P < 0.05), means were separated using the PDIFF option of SAS. Four preplanned contrasts were performed which included CORN+MT vs. WDGS+MT, WDGS-CON vs.
WDGS+M, WDGS+M vs. WDGS+MT, and WDGS+MT vs. WDGS+HIMT.
RESULTS AND DISCUSSION
When all 3 experiments were analyzed together, an experiment×treatment interaction was noted for ADG, G:F, 12th rib fat thickness, calculated yield grade, and severe liver abscesses (P < 0.05; data not shown). For this reason, experiments were separated according to grain processing method as Exp. 1 and then Exp. 2 and 3 combined because very few interactions between treatment and experiment were observed between Exp. 2 and 3. At the conclusion of Exp. 1, steers consumed 10.4 to 10.8 kg DM daily (Table  2) , which corresponded to a monensin consumption of 339, 339, 336, and 440 mg monensin/steer daily for CORN+MT, WDGS+M, WDGS+MT, and WDGS+HIMT, respectively. Steers fed T, CORN+MT, WDGS+MT, WDGS+HIMT, consumed 85, 84, and 82 mg/steer daily, respectively. At the conclusion of Exp. 2 and 3, steers consumed 9.2 to 9.5 kg DM daily (Table 3) , which corresponded to a monensin consumption of 338, 349, 345, and 461 mg monensin/steer daily for treatments CORN+MT, WDGS+M, WDGS+MT, WDGS+HIMT, respectively. In Exp. 2 and 3, steers fed T, CORN+MT, WDGS+MT, WDGS+HIMT, consumed 85, 86, and 86 mg/steer daily, respectively. For Exp. 1 (Table 2 ), steers fed WDGS+MT had similar DMI (P = 0.71), 6.1% increased ADG (P < 0.01), and G:F increased by 6.5% (P < 0.01) compared with CORN+MT. Alternatively, when SFC was the grain processing method (Exp. 2 and 3; Table 3 ), WDGS+MT increased DMI 2.1% (P < 0.01), did not affect ADG (P = 0.18), but reduced G:F by 3.4% (P < 0.01) compared with CORN+MT. In Exp. 1, WDGS fed at 25% (DM basis) had 128% the feeding value of a 50:50 combination of DRC and HMC and 87% the feeding value of SFC in Exp. 2 and 3. Feeding values were measured as the increase in feed effi ciency of WDGS diets compared with corn based diets. Feeding values were calculated as the increase in G:F of the diet containing WDGS compared with the diet with no WDGS divided by the decimal percentage inclusion of WDGS in the diet. Corrigan et al. (2009) observed 11.0 and 7.7% increases in G:F when 27.5% WDGS replaced DRC and HMC, respectively, and an equal G:F when WDGS replaced SFC.
In Exp. 1 (Table 2) , when monensin was added to WDGS-CON, DMI was numerically decreased (P = 0.29), ADG was numerically increased (P = 0.31), which resulted in a 3.1% improvement in G:F (P = 0.03). In Exp. 2 and 3 (Table 3) , addition of monensin to WDGS-CON resulted in no signifi cant difference in feedlot performance. Dry matter intake (P = 0.55) and ADG (P = 0.15) were not affected and G:F (P = 0.09) increased slightly by the addition of monensin. The minimal DMI response observed in these experiments was less than the 22-trial Elanco Animal Products (1995) summary but similar to results observed by others (Pendlum et al., 1978; Zinn et al., 1994; Depenbusch et al., 2008) . For all experiments, feeding WDGS+MT improved G:F (P < 0.01) compared with a WDGS diet without these additives (WDGS-CON). Gain:Feed was improved by 4.9% in Exp. 1 and 4.1% in Exp. 2 and 3. These results are in close agreement with Stock et al. (1995) who observed a 4% improvement in G:F when monensin (22 or 33 mg/kg) plus tylosin were fed. Alternatively, Depenbusch et al. (2008) did not observe a response in G:F to monensin plus tylosin in a SFC diet or a SFC diet with WDGS which contradicts typical responses of these feed additives in SFC diets (Zinn, 1987; Stock et al., 1995) . In all experiments, inclusion of monensin at a high level (WDGS+HIMT) had no effect on DMI and G:F when compared with WDGS+MT (P > 0.10). In Exp. 1 (Table 2) , when monensin was fed at a high level, ADG tended to be reduced (P = 0.08) but this did not affect G:F (P = 0.33) when compared with WDGS+MT. The effects of the increased dosage of monensin in WDGS diets have not been previously reported in the literature.
A greater level of monensin (49 mg/kg) may be effective in steers started on feed at lighter BW and fed concentrate diets for a longer period of time. The greater dose of monensin has been shown to improve G:F in commercial studies where dead animals are included in performance Vogel et al., 1999) .
In Exp. 1 (Table 2) , HCW was reduced for CORN+MT treatment compared with all treatments containing 25% WDGS (P < 0.05). Alternatively, in Exp. 2 and 3 (Table 3) , there were no differences (P > 0.50) in HCW among CORN+MT and WDGS treatments containing T (WDGS+MT and WDGS+HIMT). Tylosin is effective at reducing severe liver abscesses (Brown et al., 1975) and this reduction increases HCW (Davis et al., 2007) . For Exp. 1, steers fed WDGS+MT tended (P = 0.09) to have heavier HCW than steers fed WDGS-CON. In Exp. 1, dressing percentage was less for CORN+MT and WDGS+HIMT compared with other treatments with monensin (P < 0.05) with no effect of treatment on dressing percent for Exp. 2 and 3 (P = 0.19). In a 40-trial summary, Vogel and Laudert (1994) observed a slight but signifi cant improvement in dressing percent when tylosin was fed at 50 to 100 mg/animal daily. In Exp. 1, steers fed 3.5 3.5 3.5 3.5 3.5 0.0 0.06 0.48 a-d Within a row means without a common superscript letter differ (P < 0.05). 1 CORN = corn control, WDGS-CON = wet distillers plus solubles control, M = monensin at 36.75 mg/kg, HIMT = monensin at 49 mg/kg, T = tylosin at 9.2 mg/kg. 2 Experiment × treatment interaction P-value. 3 Number of steers at trial initiation. 4 Average days on feed across both Exp. 2 and 3. 5 Calculated from carcass weight adjusted to a 63% common dressing percentage. 6 Calculated as total gain divided by total feed intake (DM basis). 7 Combined results for Exp. 2 and 3. 8 Results for Exp. 2. 9 Results for Exp. 3. 10 Calculated as YG (yield grade) = 2.50 + (6.35×FT, cm)-(2.06×LM area, cm 2 ) + (0.2×KPH, %) + (0.0017×HCW, kg).
CORN+MT had a lower 12th rib fat thickness (P < 0.01) and lower calculated yield grade (P < 0.01) compared with WDGS+MT. An increasing quadratic relationship appears to exist between 12th rib fat thickness and level of WDGS with moderate levels of WDGS having greater 12th rib fat thickness when fed the same days on feed compared with controls (Vander Pol et al., 2008; Corrigan et al., 2009 ). For Exp. 1, a similar response was observed for ADG and this may explain the greater 12th rib fat thickness, with steers fed WDGS growing faster, and reaching a common 12th rib fat thickness earlier. For Exp. 2 and 3 (Table 3) , there were no treatment effects on 12th rib fat thickness, KPH, and calculated yield grade (P > 0.47). In Exp. 2 and 3, CORN+MT tended to (P = 0.08) increase LM area compared with WDGS+M.
In Exp. 1, marbling score and quality grade distribution were unaffected by treatment (P > 0.28; Table 4 ). Additionally, there was no treatment effect on proportion of steers grading upper two-thirds choice and greater (P = 0.54). When CORN+MT was compared with all treatments containing WDGS, the proportion of steers grading upper two-thirds choice and greater 9.7 ± 1.7 10.0 ± 0.8 0.23 0.90 a-c Within a row means without a common superscript letter differ (P < 0.05). 1 CORN = corn control, WDGS-CON = wet distillers plus solubles control, M = monensin at 36.75 mg/kg, HIMT = monensin at 49 mg/kg, T = tylosin at 9.2 mg/kg. 2 Experiment×treatment interaction P-value 3 Number of steers with quality grade measurements. 4 Where 400 = Slight 0 , 500 = Small 0 , 550 = Small 50 . 5 Least squares means values. 6 Percent of steers that graded below select.
was similar (P = 0.46). These results agree with a metaanalysis of experiments with diets containing WDGS with DRC and HMC . For Exp. 2 and 3, steers fed CORN+MT tended (P = 0.09) to have a greater marbling score (509) compared with steers fed WDGS+MT (496; Table 5 ). In Exp. 2 and 3, the proportion of steers grading low choice was greater for CORN+MT compared with WDGS+MT and WDGS+HIMT (P < 0.05). An interaction between Exp. 2 and 3 for the proportion of steers grading select was observed, thus data were separated by experiment. There were no differences in proportion of steers grading select among CORN+MT, WDGS-CON, and WDGS+M for both Exp. 2 and 3. Compared with WDGS+MT, a greater level of monensin (WDGS+HIMT) resulted in a decreased proportion of steers grading select for Exp. 3 but was similar for Exp. 2 (data not shown). Treatments did not affect the proportion of steers grading upper two-thirds choice or greater and CORN+MT was not different compared with all treatments containing 25% WDGS (P > 0.26). A survey of 29 consulting nutritionists showed that on average, 82.8% of clients used grain by-products with an average inclusion of 16.5% (Vasconcelos and Galyean, 2007) . The effects of feeding WDGS on marbling has received attention with research reporting improved or no effect ) and a reduction (Depenbusch et al., 2008) when fed at moderate levels (25% DM basis).
Total liver abscesses ranged from 8.3 to 42.4% for Exp. 1 (Table 6 ) and 15.7 to 45.9% for Exp. 2 and 3 (Table 7) . Prevalence of liver abscesses can range from 1% to as high as 95% (Nagaraja and Lechtenberg, 2007) with a typical range of 25 to 29% (Foster and Woods, 1970; Brink et al., 1990; Vogel and Laudert, 1994) . In all experiments, 1 CORN = corn control, WDGS-CON = wet distillers plus solubles control, M = monensin at 31.7 mg/kg, HIMT = monensin at 42.3 mg/kg, T = tylosin at 7.9 mg/kg. addition of T reduced (P < 0.001) total liver abscesses with the greatest reduction observed when comparing WDGS-CON to WDGS+MT in Exp. 1 (80.4% reduction) and Exp. 2 and 3 (61% reduction). It has been suggested that inclusion of corn by-products that are less fermentable may reduce the need for antimicrobials (Nagaraja and Lechtenberg, 2007) . For all experiments, when corn was replaced with WDGS (CORN+MT vs. WDGS+MT) no differences were observed in prevalence of total or severe (A+) liver abscesses (P > 0.10). It appears that severe liver abscesses have the greatest impact on performance and carcass characteristics (Montgomery, 1985; Brink et al., 1990; Davis et al., 2007) . For Exp. 1, severe liver abscesses paralleled the observed results for total liver abscesses with treatments containing tylosin having signifi cantly fewer severe liver abscesses (P < 0.01). For Exp. 2 and 3, a signifi cant experiment×treatment interaction (P < 0.01) was noted for severe liver abscess prevalence rate. This interaction appears to be magnitudinal in nature with severe liver abscess prevalence rate greater in Exp. 2 compared with Exp. 3 with similar treatment effects for both experiments. In Exp. 2, severe liver abscesses were reduced by 67.5% and Exp. 3 by 64.6% (P ≤ 0.02) in WDGS+MT compared with WDGS-CON treatments. Individual liver abscess data from 20,455 steers fed tylosin demonstrated that steers with severe liver abscesses had a reduction in HCW by 3.2 kg and severe liver abscesses with adhesions had a 13.2 kg reduction in HCW (Davis et al., 2007) . In all experiments, monensin (31.7 to 36.75 mg/kg) did not affect the prevalence of total or severe liver abscesses (P > 0.69) which is in agreement with others (Potter et al., 1985) .
In conclusion, WDGS had 128% the feeding value, measured by the increase in feed effi ciency, when replacing DRC and HMC at 25% (DM basis) with minimal effects on carcass characteristics or liver abscess prevalence rate. When WDGS (25% DM basis) replaced SFC, G:F was reduced (3.2%) but this did not affect ADG, HCW, or liver abscess prevalence rate. Addition of monensin and T in diets containing WDGS was effective at improving G:F and reducing the prevalence of liver abscesses. Lastly, a greater level of monensin (42.2 to 49 mg/kg) when fed in combination with tylosin in WDGS diets resulted in similar performance, carcass characteristics, and prevalence of liver abscesses compared with a decreased level of monensin (31.7 to 36.75 mg/kg) in combination with tylosin.
